The retinal vessel calibre responses to controlled stimulation of the autonomic nervous system were studied in 10 healthy subjects, using sustained isometric muscle contraction as stimulus. Each subject was studied twice using different mydriatic agents, (1) g.tropicamide 1% a parasympatholytic agent and (2) g. phenylephrine 10% a sympathetic agonist. In the tropicamide study, there was a mean arteriolar constriction of 8.1 % (SEM 1.67, p<O.OOl) and venule constriction of 3.7% (SEM 0.85, p<O.OOl) with a mean rise in diastolic blood pressure of 27.4 mmHg (SEM 2.95, range: 13-45 mmHg). When g.phenylephrine 10% was used, there was a mean arteriolar constriction of 8.6% (SEM 1.68, p<O.OOl) and venule constriction of 4.8% (SEM 1.22, p<O.OOl) with a mean rise in diastolic blood pressure of 29.2 mmHg (SEM 2.56, range: 17-44 mmHg). There was no significant difference in retinal vessel calibre in the recovery phase compared to baseline phase (p>0.05) or between the two mydriatic agents on vessel responses (p>0.05). There was no correlation between the rise in diastolic blood pressure and the degree of retinal vessel constriction, during handgrip contraction in either study. This study has demonstrated a significant association between retinal vessel calibre and systemic autonomic nerve stimulation. The possible mechanisms for the retinal vessel constriction observed in this study are discussed.
The retinal circulation is autoregulated1 and therefore has the capability to maintain con stant blood flow despite changes in perfusion pressure whether induced by changes in intraocular pressure or arterial blood pres sure.2-4 The mechanisms which control this autoregulation are poorly understood. 5 The aim of the present study was to assess the responses of the retinal circulation to controlled stimulation of the autonomic nerv ous system in normal subjects. A number of well established tests based on cardiovascular reflexes allow accurate assessment of autonomic nerve function.6.10 Sustained handgrip provides an isometric muscle con traction which provokes a sympathetic response with reflex rise in diastolic blood pressureY·ll This pressor response is pre sumed to be initiated by stimuli from the exercising muscle. 12 The rise in diastolic blood pressure is partly due to peripheral vasoconstriction secondary to activation of the alpha adrenergic receptors of the peripheral autonomic nervous system13 and partly to a heart-rate dependent increase in cardiac output.14 A diastolic blood pressure rise of ,,;; 10 mmHg in response to sustained handgrip is abnormal, a rise of ;:: 16 normal and the response is borderline if bet ween 10 and 16 mmHg. lS
Patients and Methods
After informed consent had been obtained, 10 healthy subjects were included in the study: their mean age was 30 years (range 23-35 years) and 6 were male. Each subject was studied seated at a fundus camera on two occasions: one pupil was dilated (whichever was preferred by the subject) with g.tropicamide 1% (a parasympatholytic agent) for the first study and g. phenylep hrine 10% (a sympathetic agonist) for the second. Retinal vascular responses to sym pathetic nerve stimulation were measured separately using pupillary dilating agents with different autonomic effects, to deter mine the effect of topical autonomic agonists on retinal vessel responses. All photographs were taken by the same observer using a wide angle Canon fundus camera (CF 60-S) which was triggered during the diastolic phase of the pulse cycle, using a finger-tip pulse detec tor coupled to an adjustable time delay. Five photographs were taken in quick succession at approximately one second intervals at each phase.
Baseline photographs were taken followed by 3 baseline measurements of blood pres sure recorded from the non-exercising arm ( Fig. 1 ) using an automatic sphyg momanometer (COPAL-UA 231). The sub ject was then instructed to perform 3 maximum handgrip contractions, using the dominant arm; to establish the maximum vol untary contraction (MVC). The duration of each maximal contraction lasted less than 2 seconds. A laboratory built strain guage 
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handgrip dynamometer with continuous chart recording was used; it had an adjusta ble audible alarm set at 33% of each subject's MVC. The subject was then instructed to perform a sustained handgrip at 33% MVC for 2.5 minutes. During this exercise period 3 phases of fundus photographs were taken at 1, 2 and 2.5 minutes; three blood pressure measurements were recorded at 0.5, 1.5 and 2.5 minutes (Fig. 1) . On recovery one phase of fundus photographs and a final blood pres sure reading were taken at five minutes after release of sustained handgrip contraction. All photographs were recorded on Ilford FP4 film with a red free filter and developed in PQ Universal (1 + 19) for 12 minutes at 20°C with sensitometric control. 16
Analysis:
The films were analysed using the Quantimet 800 Image Analyser (Cambridge Instru ments). This technique has been developed in the Department of Ophthalmology, Royal College of Surgeons of England. 16 Seven eighteen suitable vessel sites were measured in each subject comprising similar numbers of arterioles and venules nominally within the calibre range: 60 -170JLm (calculated on the basis of the Gullstrand Schematic Eye). A typical fundus photograph illustrating sites of measurement in one subject is shown in Figure 2 . All calibre measurements of these vessel sites were stored on floppy disc for later retrieval and statistical analysis which included calculation of means and standard error of the means (SEM) and one way
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REeo"",", analysis of variance (A.N.O.V) within repli cations and between the phases for each site.
Percentage change in mean retinal vessel calibre between phase 1 (pre-test) and phase 4 (following 2.5 minutes of sustained hand grip) for each subject was calculated; signifi cance was assessed by the student t for paired data,2 tailed test.
Results
The individual results of variation in retinal vessel calibre during sustained isometric mus cle contraction are shown in Tables I and II There were no significant differences in retinal vessel calibre responses to sustained handgrip or diastolic blood pressure between the dilating agents (p>O.05). However inadequate mydriasis often resulted when g.phenylephrine 10% was used in subjects with dark irides. There were no significant (Fig. 2) , in a typical subject are shown in Table III . This demonstrates the variability of the individual vessel responses at different sites during sustained isometric muscle con traction. In this subject there was an overall mean arteriolar constriction of 11.7% (SEM 1.04, p<O.OOI) and venule constriction of 4.1% (SEM 1.02, p<O.01) with a mean rise in diastolic blood pressure of 27 mmHg.
In the tropicamide 1 % study a total number of 90 arteriolar sites were measured of which 58 showed significant change (p<0.05, one way A.N.O.V) and 81 venule sites (46 significant, p<0.05). In the phenylephrine 10% study a total of 81 arteriolar sites (22 significant, p<0.05) and 69 venule sites (19 significant p<0.05) were measured. Figure 3 shows the percent change in mean vessel calibre and diastolic blood pressure for all subjects through phases 2-5 (sustained handgrip contraction), compared to the mean baseline values in phase 1.
Discussion
The present study has shown consistent responses of the retinal vasculature to con trolled sympathetic nerve stimulation, result ing from a well established test, isometric muscle contraction produced by sustained handgrip. These responses are consistent • ARTS.
• VEINS +4 with autoregulation, in the face of the rising diastolic blood pressure which accompanies sustained handgrip (Fig. 3) , since reduction in retinal arteriolar calibre implies an increase in peripheral resistance, which theoretically varies inversely as the fourth power of the vessel radius, according to Poiseuille's Law. The relationship between brachial blood pressure and ophthal modynamometric retinal artery pressure in population studies is well known, and the consistent relationship when blood pressure was raised by isometric exercise was demonstrated by Robinson et aL2 There is extensive evidence for autoregula tion in the retinal circulation3,4,17,18 including responses to acute rises in blood pressure produced by systemic infusions of angioten sin and noradrenaline;19,2o though the latter experiments have shown varying results. Retinal vessel constriction in the present study occurred within 30 seconds of com mencing the sympathetic stimulation and coincided with the rise in diastolic blood pressure. With sustained stimulation during the period of handgrip both retinal vessel response and diastolic blood pressure eleva tion increased (Fig. 3) ; this would suggest a temporal relationship between autonomic nerve stimulation and retinal vessel response. Vascular smooth muscle tone may be influ enced in three ways: neurogenic, myogenic or humoral. As yet there is no evidence of autonomic innervation of the retinal vessels, forward of the lamina cribrosa.21-23 The reti nal arterioles near the optic disc have 5 to 7 layers of smooth muscle.22 Russell18 reported that a 16% increase in retinal· arteriolar calibre occurred, immediately following reduction of retinal perfusion pressure, pro duced by compression of the globe with a spring dynamometer: similar results were obtained both in patients with Horner's Syn drome and normal subjects. He argued that these observations pointed to the improbabil ity of involvement of the sympathetic nerv ous system; and suggested a myogenic response due to altered transmural pressure (Bayliss effect, 24) . There is however some uncertainty about the status of these patients since the degree and level of denervation was not defined. There are therefore, indications that regu lation of the retinal blood flow in response to altered perfusion pressure, may be brought about by both myogenic and neurogenic means. In the present study, though the dias tolic blood pressure rise and retinal artiolar constriction were contemporaneous (Fig. 3) , there was no correlation between the mag nitude of the blood pressure rise and the extent of the arteriolar constriction, suggest ing that parallel but independent responses were occurring. Had the mechanism of con striction been solely myogenic, then a degree of correlation between blood pressure and retinal vessel response might be expected.
This study has demonstrated a significant association between retinal vessel calibre and systemic autonomic nervous stimulation. The exact role of the autonomic nervous system remains to be defined, however the present results suggest that autonomic effects are a significant integral feature in the autoregula tion of retinal blood flow. We thank Dr D. J. Ewing, University of Edinburgh, for advice relating to autonomic nerve function assessment.
